Thrombin cleaves its receptor at arginine-41, resulting in the generation of a new receptor with the sequence SFLLRNPNDKYEPF. This peptide (TRP-14) may signal a variety of thrombin's responses. We examined the effects of TRP-14 in inducing endothelial cell hyperadhesivity and neutrophil (PMN) adhesion to endothelial cell monolayers. Human umbilical vein endothelial cells (HUVECs) challenged with TRP-14 (10-4 to 10-5 M) produced concentration-dependent increases in endothelial adhesivity to PMN. In contrast, position 1 to 2 inverted peptide (FSLLRNPNDKYEPF) did not induce the response. The adhesion response was transient; that is, PMN adhesion increased within 15 minutes and decreased by 75 minutes after TRP-14 challenge of HUVECs. The transient endothelial adhesiveness paralleled the time course of P-selectin expression. TRP-14-induced release of P-selectin from intracellular stores may be a critical determinant of the response since treatment of endothelial cells with anti-P-selectin monoclonal antibody (mAb) Gl prevented the increase in PMN adhesion. Control nonneutralizing anti-P-selectin mAb S12 and mAb RR1I/1 directed against intercellular adhesion molecule-1 (ICAM-1) on HUVECs were ineffective. The results indicate that the "tethered ligand" of the thrombin receptor created by the proteolytic action of thrombin on its receptor (i.e., TRP-14) signals increased endothelial adhesiveness by a P-selectin-dependent mechanism. Thrombin-induced PMN adhesion may involve formation of a new NH2-terminus of the endothelial thrombin receptor with the sequence SFLLRNPNDKYEPF followed by activation of endothelial second messenger pathways and the transient expression of P-selectin.
T hrombin mediates neutrophil adhesion to endothelial cells by promoting endothelial hyperadhesiveness.1-3 Thrombin-induced intravascular neutrophil sequestration has been implicated as an important factor in tissue inflammatory responses such as the adult respiratory distress syndrome.4 The mechanism of thrombin's action may involve binding of thrombin to a receptor on endothelial cell membrane5 and subsequent activation of second messenger pathways that in turn can induce the expression of endothelial adhesive molecules such as P-selectin.6-8 P-Selectin, a constituent of the electron-dense Weibel-Palade bodies, is rapidly released in response to thrombin.79 Studies have shown that the rapid component of the thrombin-induced increase in neutrophil adhesion (occurring within 15-30 minutes) is associated with P-selectin translocation to the plasma membrane and that the adhesion event can be inhibited by anti-P-selectin antibodies. 7, 9 The recent cloning of a thrombin receptor indicates that thrombin binds to its receptor, which it cleaves after arginine 41 in the receptor's N112-terminal portion, and thereby exposes a new NH2-terminus that has been proposed to function as a "tethered ligand" for the receptor.5 The binding of this "ligand" containing the terminal 14-amino acid peptide to an as yet undefined region of the thrombin receptor reproduces some of thrombin's actions. 5 In the present study, we investigated the role of the 14-amino acid peptide (which can mimic thrombin's effect such as platelet aggregation5 and fibroblast proliferation10) in inducing increased endothelial adhesivity to neutrophils.
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Isolation of Neutrophils
Human polymorphonuclear leukocytes (PMNs) were isolated from blood of normal volunteers that was supplied by the American Red Cross, Albany, N.Y. PMNs were isolated within 3 hours of obtaining the blood. The blood was sedimentated with the same volume of 4% dextran HBSS without Ca2' and Mg2+ with 20 mM EDTA (disodium ethylenediamine tetraacetate) for 40 minutes at room temperature. After the sedimentation, the leukocyte-rich plasma layer was diluted in the same volume of HBSS with EDTA. The Ficoll-Paque (10 ml) (Pharmacia LKB Biotechnology, Inc., Piscataway, N.J.) layered with diluted leukocyterich plasma was centrifuged for 30 minutes at room temperature at 1,350 rpm (400g). The pellet containing red blood cells and PMNs was resuspended, and after hypotonic lysis of red blood cells, the PMNs suspended in 1 mg/ml bovine serum albumin (BSA), 20 mM EDTA, 25 mM HEPES/HBSS were counted.
Neutrophil Labeling
The isolated PMNs were labeled with 51-sodium chromate (5"Cr) (New England Nuclear, Boston). The PMNs were incubated with 1 rCi of`Cr per 106 cells in a 5% CO2 incubator at 37°C for 60 minutes, washed three times with HBSS, and resuspended on DMEM (2x107 cells/ml).
Endothelial Cultures
Human umbilical vein endothelial cells (HUVECs)
were cultured as described.'8 HUVECs were seeded onto gelatin-coated 24-well plates (Corning, Corning, N.Y.) and grown to confluency.
Adherence Assay
HUVECs were incubated (37°C, 5% C02, and 98% humidity) for various times in DMEM without serum and with TRP-14. At the end of the incubation period, the endothelial monolayers were fixed with 1% paraformaldehyde/phosphate-buffered saline at room temperature for 15 minutes, and then washed three times with DMEM without serum. The 5"Cr-labeled human PMNs (2x 106 cells/mI DMEM) were distributed at 1 ml per well over the confluent HUVECs and coincubated for 60 minutes at 37°C, 5% CO2, and 98% humidity. The endothelial monolayers were then gently washed three times with DMEM without serum to remove nonadherent PMNs. The endothelial monolayers were kept overnight under 1 ml of 1N NaOH at 4°C. The cell lysates were scraped, collected in polypropylene test tubes, and counted for radioactivity in a Tm Analytical gamma counter.
Anti-P-Selectin Monoclonal Antibody Binding Assay
The time course of TRP-14-induced expression of GMP-140 on HUVECs was determined by the binding of 1"5I-labeled mAb Gl to HUVECs after TRP-14 challenge for varying durations. The anti-P-selectin mAb was iodinated using the chloramine-T method. HUVECs grown to confluency in 96-well plates were washed with DMEM without serum and incubated with minutes. At the end of the incubation periods, the cells were fixed with 1% paraformaldehyde/phosphate-buffered saline at room temperature for 15 minutes. The HUVECs were then washed in DMEM containing 10% serum,`'I-labeled mAb Gi (10 ,g/ml) was added with DMEM containing 10% serum (75 1.l per well), and the cells were allowed to incubate for 60 minutes at 4°C. The specific activity of "'I-labeled Gl was 3.75 ,uCi/,ug.
The cells were gently washed three times with DMEM with serum to remove nonbinding 125I-Gl. The cells were kept overnight in 150 ,ujl of 1N NaOH at 4°C, after which the cell lysate was scraped, collected in test tubes, and counted for radioactivity in a Tm Analytical gamma counter. The specific binding of Gl was determined by adding 30-fold excess unlabeled Gl. The "1`-G1 binding data were normalized to cell protein measured in control cells and after either thrombin or TRP-14 challenge.
Data Analysis
Statistical analysis was performed with the Student's t test, and p<0.05 was considered significant. The results are given as mean+SEM. Table 1) .
Results
The time course of the increase in endothelial adhesiveness is shown in Figure 2 . Endothelial cells were treated with TRP-14 for the indicated periods and fixed with 1% paraformaldehyde before applying neutrophils. Endothelial adhesiveness increased within 15 minutes after TRP-14 challenge and decreased to basal levels after treatment of endothelial cells for periods longer than 75 minutes (Figure 2) , indicating the reversibility of the response. Figure 2 also shows the effects of treatment of endothelial cells with the mAb Gl directed against human P-selectin. MAb Gl inhibited neutrophil adhesion to the TRP-14-challenged endothelial cells (Figure 2 ). In contrast, the anti-P-selectin control mAb S12 and the anti-ICAM-1 mAb RR1/1 were ineffective in preventing neutrophil adhesion to TRP-14-treated endothelial cells (Table 2 ). Figure 3 shows the specific binding of`PI-labeled anti-P-selectin mAb Gl after challenge with a-thrombin (a positive control) or TRP-14. An increase in specific binding of`PI-G1 was evident within 15 minutes after either a-thrombin or TRP-14 challenge, indicating rapid P-selectin expression. In both cases, the binding decreased to control levels within 75 minutes after TRP-14 challenge. 
